MCF10A is a spontaneously immortalized line from normal exon 3 of the β-or γ-catenin genes. We conclude that APC human breast epithelial cells, and HBL 100 is an SV40 mutations and β-catenin upregulation may occur with low immortalized human breast epithelial cell line. HB2, another frequency in human breast cancer cells.
SV40 immortalized human breast epithelial cell line, was obtained from Dr Joyce Taylor-Papadimitriou (London, UK). Cells were grown under recommended conditions and harvested β-Catenin, a key cytosolic component of the Wnt signal at 90-100% confluency. For total cell protein extraction, cells transduction pathway, is implicated in embryonic development were lysed in TENT buffer (50 mM Tris pH 8.0, 1 mM EDTA, and carcinogenesis. Normally, cytosolic β-catenin is maintained 150 mM NaCl, 1% Triton X-100), centrifuged, the supernatant at low levels by the APC gene product, which promotes β-admixed with protein sample buffer and boiled. Cytosolic catenin degradation, and by cadherins, which integrate β-and membranous fractionation was carried out as described catenin into adherens junctions (1). Wnt signal activation previously (3). Total protein (30 µg) was separated by electroresults in stabilization of β-catenin (2-4) and subsequent phoresis on 8% SDS-polyacrylamide gels, transferred onto translocation of β-catenin to the nucleus, where it binds to nitrocellulose (Micron Separations Inc., Westboro, MA) and TCF-class transcriptional factors and induces expression of identified using primary antibodies against β-and γ-catenin TCF-responsive genes (5, 6) . γ-Catenin has structural and (Transduction Laboratories, Lexington, KY), and chemiluminfunctional similarities to β-catenin (1) but its role in Wnt escence detection (ECL; Amersham, Arlington Heights, IL). signaling has not been elucidated. Several reports have docuTo screen for mutations in exon 3 of the β-and γ-catenin mented that deregulation of the Wnt pathway is associated genes, a portion of that exon was amplified from genomic with human tumorigenesis. Truncations of the APC protein DNA from all cell lines using the following primer pairs: β-are linked to the familial adenomatous polyposis (FAP) coli catenin, Forward(F) 5Ј-ATTTGATGGAGTTGGACATGGCsyndrome and are found in the majority of sporadic colon 3Ј and Reverse(R) 5Ј-GAGGAAGAGGATGTGGATACCTcarcinomas (7) . Mutations in either APC or β-catenin, resulting CC-3Ј; γ-catenin, F 5Ј-AGCCACGATGGAGGTGATGAACin deregulation of β-catenin turnover, increase β-catenin/Tcf 3Ј and R 5Ј-CCTGGGTGTAAGTGGTGGTTTTC-3Ј. signaling in colon cancer (8) 
and melanoma cell lines (9).
To analyze the entire β-catenin gene from DU4475, cDNA The APC encoding locus on chromosome 5q21 shows loss was synthesized in 12 separate RT-PCR reactions (primer of heterozygosity (LOH) in~25% of breast cancers (10) .
sequences available upon request) using total RNA as template. Frequent alterations in expression of E-cadherin and α-and cDNA was then PCR-amplified, submitted to automated β-catenins have been reported in a survey of 18 human breast cancer cell lines (11) . High Wnt gene expression (Wnt-2, Wntsequencing and compared to the published β-catenin sequence (14). To screen breast cancer cell lines for truncation mutations in APC, the TNT ® coupled reticulocyte lysate system (Promega, Madison, WI) was used, following the manufacturer's instructions. Two overlapping segments of the APC gene, spanning the region from codon 686 to 1693, were amplified from cDNA using the following T7-modified primers (T7-trans ϭ GGATCCTAATACGACTCACTATAGGGAGACCACCAT-GG): segment A (codons 686-1217 ), F 5Ј-T7-trans-ATGCAT-GTGGAACTTTGTGG-3Ј and R 5Ј-GAGGATCCATT-AGATGAAGGTGTGGACG-3Ј; segment B (codons 1099-1693), F 5Ј-T7-trans-TTTCTCCATACAGGTCACGG-3Ј and ester, NY). Segment B of the APC gene in cell line DU 4475 was sequenced using the Thermo Sequenase ® kit (Amersham, Arlington Heights, IL). Additional primers (sequences available MDA-MB 453 and UACC 812; β-catenin was detected at very low levels in MDA-MB 330, SKBR 3 and ZR75-30. In DU upon request) were obtained from Operon Technologies Inc. (Alameda, CA). An aliquot of 2 µl of the chain-termination 4475, β-catenin expression was extremely strong, exceeding the positive control ( Figure 1A ). In MDA-MB 468, a double reaction products were submitted to electrophoresis on a CastAway ® sequencing device (Stratagene, La Jolla, CA) using band was seen with a second signal at~80 kDa ( Figure 1A ). γ-Catenin expression was strong in BT 20, BT 474, BT 483, precast 6% polyacrylamide-7 M urea gels and visualized by autoradiography (BioMax; Kodak, Rochester, NY). All On the basis of these results, the following cell lines were been reported, both are point mutations leading to amino acid selected for analysis of cytosolic (Figure 2 ) and membranous substitutions (18) . In addition, an APC mutation in a primary protein fractions (data not shown): CAMA 1 (weak expression breast cancer has been reported (20) , but no documentation of of β-catenin), DU 4475 (high expression of β-catenin), HS alterations in β-catenin levels was presented. 578 T (low levels of γ-catenin), MDA-MB 468 (β-catenin
The DU 4475 cell line was derived from a recurrent thoracic double band), SKBR 3 (low levels of β-catenin) and HB2 wall tumor following mastectomy for a poorly differentiated (control). As expected, in most lines β-and γ-catenin levels invasive ductal breast carcinoma in a postmenopausal patient were very low in the cytoplasmic fraction (Figure 2) , whereas (21). DU4475 cells are highly transformed and do not adhere both proteins were prominent in the membranous fraction to the culture dish, but rather grow in suspension. It is not (data not shown). Of the cell lines analyzed, β-catenin was clear whether upregulation of β-catenin contributes to these significantly elevated in the cytosolic fraction of DU 4475 growth characteristics. Since APC mutations are rare in breast (Figure 2) . γ-Catenin levels were slightly stronger in the cancer, we considered the possibility that this mutation was cytosolic fraction of DU 4475, as compared with the other acquired in culture. In our analysis, there was no evidence of cell lines analyzed, but not to the extent exhibited for β-a second normal allele. This is interpreted as a hemizygous catenin. Low levels of β-catenin in CAMA 1 (Figure 1) were loss of the other allele since homozygosity for a point mutation confirmed in the fractionated analysis (Figure 2) . would be extremely unlikely. Presumably, the point mutation We analyzed the serine/threonine region encoded by exon in one allele ( Figure 3B ) was complemented by loss of 3 of the β-and γ-catenin genes from all cell lines and the the other allele ( Figure 3A ). The acquisition of these two entire β-catenin gene from DU 4475. However, no mutations independent mutations is unlikely to occur during propagation were identified in our study.
in vitro; although it cannot be formally excluded. There is no The protein truncation assay was performed on two APC evidence from the original description (21) that the patient segments encompassing codons 686 through 1693 for all cell had FAP, suggesting a germline APC mutation. lines listed except HB2, MCF10A, MDA-MB 330 and MDA-
The variability of expression levels of β-and γ-catenin in MB 435S. Of all protein products, one showed an aberrant the other lines may represent the normal range of variation. size: The segment B product from DU 4475 had an apparent Alternatively, it may be due to translational and post-translamolecular weight of 70 kDa instead of the expected 100 kDa tional influences or mutations in other regions of the respective ( Figure 3A) . No wild-type allele, or full length protein product, genes. Our results of β-and γ-catenin expression are largely was detected in this cell line ( Figure 3A) . Sequencing of the concordant with other reports (11, 22) . The significance of respective APC gene segment revealed a point mutation at minor deviations [in contrast to Pierceall et al. (11) we found position 4747 of the coding sequence (G→T), converting strong β-catenin expression in BT 474, MCF7, MDA-MB 231, codon 1577 into a stop codon (E1577stop) ( Figure 3B ).
MDA-MB 468 and ZR 75-1] is uncertain. Concurring with We analyzed 24 human breast carcinoma cell lines and three our results, a study of 11 breast carcinomas revealed no immortalized human breast epithelial cell lines for alterations mutations in exon 3 of the α-or β-catenin genes by RTin β-/γ-catenin and APC. Mutations in the APC or β-catenin PCR and single strand conformation polymorphism (SSCP) genes that result in accumulation of β-catenin have been analysis (23) . reported in several carcinoma cell lines (8, 9, 15, 16) . We hypo-
In conclusion, we screened 27 human cell lines derived thesized that similar aberrancies may play a role in human from breast carcinomas or immortalized breast epithelial cells mammary tumorigenesis. Our analysis focused on cancer cell for alterations in the downstream elements of the Wnt signaling lines to correlate mutations in APC or β-catenin with changes pathway; APC, β-and γ-catenin. We report the first APC in β-catenin levels. Our APC analysis comprised the region mutation with associated β-catenin upregulation in a human from codon 686 to codon 1693 of the APC coding sequence.
breast carcinoma cell line (DU 4475). Unlike colon carcinomas This includes the mutation cluster region (MCR; codons 1286-and melanomas, however, deregulation of the Wnt signaling 1513) which contains 65% of the APC mutations in colorectal pathway does not seem to be a frequent event in human breast tumors (17). We identified an APC mutation in one cell line carcinomas. (DU 4475) that is associated with upregulation of β-catenin. This is the first report of an APC truncation resulting in
